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(57) ABSTRACT

A gear unit, including an input shaft,

a bearing for supporting the input shaft being provided in a
housing part of the gear unit,

wherein

a fan impeller is provided on the input shaft,

the housing part being beveled at least in the surface area
adjacent to the fan impeller and/or a beveled cowl being
mounted on the housing part.
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1
GEAR UNIT

FIELD OF THE INVENTION

The present invention relates to a gear unit.

BACKGROUND INFORMATION

It is well-known that gear units having oil lubrication are
practicable, the oil, i.e., liquid, collecting in the bottom part of
the gear-unit interior when the gear unit is not in operation,
thus when the gear wheels are stationary, and forming the oil
pan there which has an oil level that corresponds to the filling
level upon pouring in the oil.

During operation of the gear unit, especially at nominal
speed of the input shaft and/or output shaft, the gearing parts
of the gear unit spray and hurl oil around. In particular, oil is
also sprayed out from the gearings engaging with each other.

SUMMARY

Example embodiments of the present invention provide a
gear unit in which the intention is for as much power as
possible to be transmittable per unit volume.

Among features of example embodiments of the present
invention with respect to the gear unit are that it has an input
shaft,

a bearing for supporting the input shaft being provided in a
housing part of the gear unit,

a fan impeller being provided on the input shaft,

the housing part being beveled at least in the surface area
adjacent to the fan impeller and/or a beveled cowl being
mounted on the housing part.

This offers the advantage that the cooling airflow is able to
be guided as well as possible, and therefore the greatest
possible portion of the airflow streams along the housing. In
this manner, a powerful cooling airflow for cooling the gear
unit is able to be generated by the passively driven fan impel-
ler, thus, driven without separate motor actuator, and great
power is able to be generated per unit volume.

In example embodiments, cooling fins are provided on the
beveled area of the housing part or on the cowl. This has the
advantage that the surface is enlarged, thus ensuring
improved heat dissipation. In particular, the heat is able to be
conducted by air from the housing to the cowl, and from there
to the surroundings. Moreover, the beveled housing part or
the beveled cowl acts as an air-guide element and reduces the
turbulence.

In example embodiments, cooling fins and/or cooling fin-
gers are provided on the housing part of the gear unit. This is
advantageous because the surface is enlarged. In the case of
the cooling fingers, an isotropic heat dissipation is even
achievable, thus, heat dissipation independent of the installed
orientation of the gear unit.

In example embodiments, a housing cover, imperviously
connectable to a housing part and having cooling fins on its
outer side, is provided on the housing of the gear unit. The
advantage here is that a large opening is provided in the
housing of the gear unit for assembly, maintenance or for oil
change.

In example embodiments, the cooling fins are aligned cor-
responding to the direction of the cooling airflow, in particu-
lar, the cooling fins being aligned in parallel relative to each
other. This is advantageous in that the airflow is able to be
developed in a suitable manner, in particular, an air-guide
function is feasible.
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In example embodiments, the input gear stage is a right-
angle gear stage. This offers the advantage that a beveled
housing is able to be provided, and therefore an improved
air-guide function is achievable.

In example embodiments, an air-guide containment is pro-
vided around the gear unit. This is advantageous because the
cooling airflow is able to be passed through between the gear
housing and the containment, and thus very good utilization
of the cooling airflow is attainable in an easy manner. In
addition, further protection is attained for the gear housing,
especially for bearing covers, screw plugs and/or oil drain
plugs and the like. Such parts are therefore also practicable in
plastic instead of steel or cast steel, since the containment
may be realized from sheet steel, and thus a metallic protec-
tion is provided against the surroundings.

In example embodiments, the air-guide containment
guides the cooling airflow and, together with the cooling fins
and the housing of the gear unit, restricts it to the spatial area
provided for the cooling airflow, so that in particular, the
cooling airflow absorbs as much of the heat output of the gear
unitas possible. Of advantage here is that the airflow is able to
be guided in such a way that the best possible cooling of the
housing is attainable with the aid of the airflow.

In example embodiments, the air-guide containment has
passages for the input and output shafts, as well as for the floor
mounting of the gear unit, in particular, the air-guide contain-
ment moreover having an opening for a sensor. This is advan-
tageous in that the openings are easily realizable, thus, do not
have to be sealed off.

In example embodiments, a pipe is provided for conduct-
ing oil out of the gear-unit interior into the area of the cooling
airflow, and a pipe for returning the oil to the gear-unit interior
is likewise provided in the area of the cooling airflow, in
particular, the pipes being disposed completely or at least
partially in the cooling airflow generated by the fan impeller.
The advantage in this case is that the oil of the gear unit may
be cooled in an easy manner. In particular, the oil only has to
be conducted out and in again in a pipe.

In example embodiments, the oil conveyed by the pipe for
conducting oil out is fed to a plate cooler situated on the
housing of the gear unit, especially in the cooling airflow, in
particular, the pipe for returning the oil conveying oil from the
plate cooler back into the interior of the gear unit. The advan-
tage in this case is that improved heat dissipation is achiev-
able; in particular, the plate cooler is able to be disposed in the
cooling airflow and therefore is able to be cooled passively.
The oil flow is in contact with the plate cooler for a very long
time via a meander-shaped guideway formed in the plate
cooler, and is therefore able to emit the greatest possible heat
flow to the air.

In example embodiments, the oil level, especially of the oil
pan of the gear unit, is lower during operation than the oil
level during long-term standstill of the gear unit, in particular,
adevice being provided for lowering the operational oil level,
the device for lowering especially being a device for the
temporary storage of oil. The advantage in this context is that
when starting the gear unit, the bearings and gearing parts are
soaked well by oil, since the oil level is very high at the
beginning. In operation, thus, when the oil level is lower, the
churning losses are reduced, and the bearings or gearing parts
are able to be lubricated from the temporary storage via other
delivery devices. In operation, these delivery devices are
operable without representing an additional energy loss of the
gear unit.

In example embodiments, a temporary storage is provided
to which oil is able to be delivered from the oil pan of the gear
unit, especially with the aid of a delivery device; in particular,
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the temporary storage is disposed in the interior of the gear
unit, thus, is surrounded by the gear housing in housing-
forming fashion. This is advantageous because no additional
housing or an additional spatial area is necessary for the
temporary storage; rather, the spatial area present in the hous-
ing of the gear unit is usable. This holds true especially for a
housing which surrounds the gearing parts in substantially
cuboidal fashion, a beveled area placed on the cuboid being
able to be provided in the area of the input shaft. Advanta-
geously, a cube housing is able to be produced easily and
inexpensively, and exhibits great strength accompanied by
small wall thickness and small amount of material used.
Therefore, a substantially cuboidal interior space is available,
minus the rotating area of the gearing parts, as well as the area
of the shafts and bearings. This residual spatial area remain-
ing is usable as temporary storage.

In example embodiments, the temporary storage is in the
form of a receptacle which has openings of the kind that it is
able to be emptied through these openings. The advantage in
this case is that the temporary storage empties when the gear
unit is in the state of rest, particularly with a first time con-
stant. The temporary storage is filled with the aid of the
delivery device in the gear unit with such a delivery rate that
the delivered oil flow would fill the temporary storage with a
second time constant assuming the openings were not
present; this second time constant being smaller than the first
time constant, especially more than three times smaller or
even more than ten times smaller.

In example embodiments, the temporary storage is in the
form of a receptacle that has openings such that, and the
delivery device is implemented such that the maximum oil
flow delivered by the delivery device, especially during
operation of the gear unit with the nominal speed of the gear
unit, is greater than the oil flow returned from the temporary
storage to the oil pan, effected through the openings. This
offers the advantage that the temporary storage is able to be
filled quickly, and thus the oil level of the gear unit is lowered
very rapidly after start-up. In particular, it is advantageous to
provide the openings to be so small, and to implement the
delivery device with a delivery rate, such that the oil flow
delivered is at least three times or even ten times greater than
the oil flow returned.

In example embodiments, the temporary storage has an
overflow, especially a height-adjustable overflow, via which
excess oil is able to be drained into the oil pan. This is
advantageous in that, depending on the variant of the gear
unit, adaptation of the oil level is feasible. In addition, adap-
tation of the lowered oil level as a function of the operating
conditions and manufacturing tolerances is made possible.

In example embodiments, the delivery device has a baffle
plate for catching oil, oil dripping off from the baffle plate
being able to be fed via a drainage channel and/or collection
channel to the temporary storage. This has the advantage that
a part of the delivery means is realizable in an easy manner,
and oil which is spraying around may easily be captured.

In example embodiments, the drainage channel or collec-
tion channel has an opening into which a pipe opens through,
from which a ball bearing and/or a gearing may be lubricated.
The advantage in this case is that the delivery devices are
inexpensive and uncomplicated.

In example embodiments, the drainage channel is curved,
so that a first portion of the oil dripped oft from the baffle plate
and caught by the drainage channel flows into a first collec-
tion channel, and a second portion of the oil dripped oft from
the baffle plate and caught by the drainage channel flows into
a second collection channel, the temporary storage being
fillable from the collection channels, and the collection chan-
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nels being disposed axially to the side of a gear wheel of the
gear unit. The advantage here is that the remaining spatial
area, which does not count as part of the rotational area of the
gearing parts and is provided in the interior of the cuboidal
gear unit, is usable.

In example embodiments, at least one partial area of a
gearing part of the gear unit is surrounded by a shell, so that
oil is only allowed to spray upward; in particular, the shell has
an opening at its lower side, thus permitting the shell to be
filled from the oil pan, especially when the gear unit is not in
operation. The advantage in this context is that more oil is
sprayed upward, and thus improved heat dissipation is
achievable, since the oil must cover a long distance to the oil
pan, the oil being in contact with the housing of the gear unit
during the flow back.

In example embodiments, the delivery device includes an
oil scraper that permits oil to be scraped off from the end face
of a rotating gear wheel, and allows the scraped-off oil to be
delivered through a pipe to the temporary storage or to a
collection channel, the pipe especially being directed
upwards, the gear wheel in particular being disposed so that it
is at least partially submerged in the oil pan, and the oil
scraper in particular being situated above the oil pan. This is
advantageous in that a further inexpensive and uncomplicated
delivery device is able to be provided. In particular, a convey-
ing effect is attainable in order to convey oil through the pipe
into a collection device or a temporary storage, from which, in
turn, a pipe leading into the surroundings is able to be fed.
Therefore, oil is thus able to be conveyed into the surround-
ings and cooled there in the cooling airflow streaming past,
especially with the aid of the plate cooler situated there.

In example embodiments, the pipe includes bores in the
gear housing. This is advantageous because oil is able to be
conveyed through these bores toward the bearings, e.g., ball
bearings. Lubrication of these bearings may therefore be
ensured.

In example embodiments, a delivery device conveys oil
from the interior of the gear unit through a pipe which is
attached to the outside of the gear unit, in particular, the pipe
returning the oil to the interior of the gear unit. The advantage
in this case is that after being brought out, the oil is able to be
cooled in the outer area around the gear unit, especially in a
cooling airflow which is propelled by a fan impeller.

In example embodiments, the pipe on the outside of the
gear unit has a gradient, in particular, the oil from a collection
device such as a temporary storage or collection channel
disposed in the interior of the gear unit flowing outward
through the pipe, and from there back again into the oil pan,
in particular, the collection device being situated above the oil
pan. This offers the advantage that the oil flow is able to be
impelled merely by the gradient in the gravitational field,
thus, passively. In this context, an energy loss of the gear unit
is utilized for raising the oil, for during operation of the gear
unit, the oil in its interior is sprayed around, especially
upward, as well. A portion of the oil caught there is then
conveyed downwards without a further pump, utilizing the
gradient, and at the same time, is cooled.

In example embodiments, the pipe provided on the outside
feeds oil to a plate cooler, and another part of the pipe returns
oil from the plate cooler to the oil pan in the interior of the gear
unit. The advantage in this instance is that oil is conveyed
inexpensively using simple arrangements.

In example embodiments, the plate cooler is fastened to the
outside of the gear unit and is situated in the cooling airflow.
In this case, it is advantageous that an enlarged surface is
provided and improved heat dissipation is therefore attain-
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able. In particular, the plate cooler is alignable parallel to the
cooling airflow, so that the flow exhibits the least possible
turbulence.

In example embodiments, the spatial area of a shaft bearing
disposed in an opening of the gear housing is bounded at least
partially with respect to the interior of the gear unit by a
delimiting means that has an opening for a shaft supported in
the bearing,

the lowest point of the opening resulting in a minimum oil
level in the spatial area of the bearing. The advantage is thus
that in operation, a minimum oil level is ensured in the area of
the bearings, and therefore they are well-lubricated. An oil
level higher than this minimum oil level is allowed when the
gear unitis in the state of rest, and is lowered during operation
of'the gear unit. The initial lubrication of the bearing is there-
fore very good, and nevertheless, losses during operation are
able to be reduced.

In example embodiments, the spatial area is bounded at
least partially by the gear housing. This is advantageous
because the spatial area is the area of the bearing, which is to
be delimited with respect to the gear interior only with the aid
of the protection plate.

In example embodiments, the delimiting device is a pro-
tection plate or a ring. The advantage here is that an inexpen-
sive and uncomplicated delimitation of the spatial area is
attainable.

In example embodiments, the protection plate is welded or
screw-connected to the housing. This is advantageous
because a tight connection is able to be produced in an inex-
pensive and uncomplicated manner.

In example embodiments, the ring is provided in a groove,
especially a groove going round in the circumferential direc-
tion in the housing of the gear unit. This offers the advantage
that the minimum oil level is specifiable in an easy manner. It
may be that when using such a ring, the protection against
spraying oil is not so high as when using a protection plate,
but the minimum oil level is reliably adjustable in an easy
manner.

In example embodiments, the opening encircles the
through-going shaft as closely as possible, especially with a
clearance of less than 3 mm, particularly of less than 1 mm.
This is advantageous because the best possible protection
against oil spraying on or oil foam is achievable.

In example embodiments, the protection plate is flat, in
particular, covers the area of the opening for the bearing.

This is advantageous because a simple sheet-metal stamp-
ing is usable, in which only the external contour and the
openings for the passage of shafts, especially semicircular
openings which are provided at the edge area of the protection
plate, are necessary.

In example embodiments, the housing of the gear unit

includes a lower and an upper housing part, the assembly of
the gear unit being achievable very easily and inexpensively,
a protection plate which essentially surrounds the lower half
of the shaft being attached to the lower housing part,
a further protection plate which substantially surrounds the
upper half of the shaft being attached to the upper housing
part. The advantage in this case is that a ring or a protection
plate is able to be inserted especially easily. In the same
manner, components such as bearings, shafts and gear wheels
may be installed without difficulty, for they are easily inserted
from above into the corresponding accommodation area. In
the case of a ring, the accommodation area is a groove running
in the direction of rotation. The protection plate, on the other
hand, is insertable from above and is then able to be pressed
onto the housing wall. After that, a welded connection and/or
screw connection is possible.
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In example embodiments, the bearings, especially the two
bearings of the input shaft of the gear unit, are provided in a
housing part, particularly in a substantially cup-shaped hous-
ing part, the housing part being screw-connected to a housing
part of the gear unit. This offers the advantage that the fitting
of the input shaft into a housing part is able to be prefabri-
cated, thus, may be preassembled. Therefore, this unit,
including the input shaft, its bearings and associated seal, are
able to be stocked in the warchouse and may be installed
easily and quickly. In particular, a series of gear units is also
able to be produced, which offers great variance using few
parts. Namely, the gear unit is realizable as a parallel shaft
gear unit if the opening provided in the gear housing for the
cup-shaped housing part is occluded and the input shaft is
provided at an opening in the side wall of the gear unit.
Alternatively, however, the right-angle gear stage may also be
provided instead of the occluding part. Thus, a gear unit with
input right-angle gear stage or input parallel-shaft gear stage
may be produced from the same basic housing.

In example embodiments, a first bearing is implemented as
a bearing pair, a first interspace being formed in the axial
direction between the paired individual bearings. This has the
advantage that high transverse forces are able to be absorbed,
and therefore a particularly stable gear unit is able to be
produced. Inparticular, itis possible to use a pair of individual
bearings, preloaded relative to each other, between whose
outer rings an interspace is therefore produced.

In example embodiments, a second bearing in the axial
direction is set apart axially from the first bearing, so that a
second interspace is formed. This is advantageous because,
again, high transverse forces are able to be absorbed. The
greater the distance between the bearings, the higher the
absorbable transverse forces.

In example embodiments, a first bearing of the input shaft
takes the form of a pair of tapered-roller bearings, especially
in an X-configuration, preloaded relative to each other, and a
second bearing is in the form of a self-aligning roller bearing.
This offers the advantage that an especially stable arrange-
ment, able to absorb transverse forces, may be produced.

In example embodiments, the first and/or second inter-
space is/are connected by one or more bores to the interior of
the gear unit, particularly for the purpose of emptying. The
advantage in this instance is that good lubrication is attainable
with the gear unit at rest. To that end, it is advantageous to plan
the oil level of the gear unit to be suitably high in the state of
rest, or the position and the gradient of the bores to be suitably
low. For a gear unit in operation, a minimum oil level is again
able to be maintained in the interspaces by suitable determi-
nation of the height of the bores and of the gradient. In
particular, bores without gradient are advantageously usable,
as well. A further advantage of the emptying of the inter-
spaces is that no great quantities of oil are present long-term
on the input-side seal, and therefore the danger of an oil leak
is reducible.

In example embodiments, the first and/or second inter-
space is/are connected by a gap to the interior of the gear unit,
especially for the purpose of emptying, the gap being formed
between the housing part, particularly the substantially cup-
shaped housing part, and the housing part of the gear unit.
This is advantageous because a passage for oil may be pro-
vided in an easy manner, thus permitting the interspace to be
emptied without additional expenditure.

In example embodiments, a bore or one of the bores is a
radial bore. This is advantageous because a simple and inex-
pensive bore may be provided for the emptying process. In
particular, it may be disposed in the direction of gravity, so
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that especially effective emptying is achievable. However, to
maintain a minimum oil level, a horizontal alignment of the
bore is also advantageous.

In example embodiments, a bore or one of the bores is an
axially directed bore. This is advantageous because emptying
to the oil pan situated axially further inside is achievable with
little effort.

In example embodiments, the radial bore is plugged at its
outer end by a stopper. The advantage in this case is that not
only is a simple and inexpensive radial bore sufficient for the
purpose of emptying, but an access is also created to the area
of'the bearings. Therefore, sensors, e.g., for determining rota-
tional speed of the input shaft, transverse force or axial force,
or perhaps sensors for monitoring the functioning of the bear-
ings, such as temperature sensors or structure-borne noise
sensors, may also be disposed in the area of the bearings. The
associated signal lines are able to be brought out without
special effort through the radial bore and the suitably tightly
closing stopper.

In example embodiments, an input shaft is sealed oft by a
shaft sealing ring from the housing part, especially the cup-
shaped housing part. This is advantageous, because an oil
leak is preventable.

In example embodiments, the level of the placement of the
bore or of the gap for emptying an interspace determines a
minimum oil level for the bearings of the input shaft. This
offers the advantage that a minimum oil level may be main-
tained in an easy and inexpensive manner.

LIST OF REFERENCE NUMERALS

1 Housing part

2 Fan impeller

3 Cooling fins

4 Housing cover with cooling fins

5 Cooling fins of housing cover 4

6 Cooling fins on the beveled housing part

7 Output shaft

8 Beveled housing area for right-angle gear stage

9 Cooling fins

41 Rotating flange part, joined in rotatably fixed fashion to
output shaft 7

42 Air-guide containment

50 Discharge pipe

51 Feed pipe

52 Plate cooler

53 Discharge pipe

60 Feed pipe

61 Feed pipe

62 Discharge pipe

70 Oil level during operation

71 Oil level during standstill

72 Bearing

73 Shell for bevel wheel

74 Shell for bevel pinion

80 Temporary storage

90 Lateral collection pockets

91 Drainage hole for bearing lubrication

92 Baffle plate

93 Oil-conducting channel

100 Pipe

101 Scraper

120 Gear wheel

130 Roof-shaped housing cover

131 Protection plate

132 Overflow

151 Housing cover
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160 Gear housing
161 Gap
162 Self-aligning roller bearing
163 Gap
164 Bore

165 Housing part, cup-shaped

166 Tapered roller bearings in X-configuration, preloaded
relative to each other

167 Flange part

168 Shaft sealing ring

169 Interspace area between two tapered roller bearings

170 Bore, radial

171 Stopper

172 Interspace area

173 Bore, axial
Example embodiments of the present invention are

explained in detail with reference to the Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first gear unit according to an example
embodiment of the present invention in a front view.

FIGS. 2 and 3 show the gear unit according to FIG. 1 from
two different viewing directions.

FIG. 4 shows a further gear unit of an example embodiment
of the present invention in which, in contrast to FIGS. 1
through 3, a containment is additionally provided.

FIG. 5 shows a further gear unit of an example embodiment
of the present invention having plate cooler 52, which is
attached to the housing of the gear unit.

FIG. 6 shows another gear unit of an example embodiment
of the present invention, in which oil lines brought out from
the gear interior and brought in again are shown.

FIG. 7 shows another gear unit according to an example
embodiment of the present invention in a lateral view, in
which a lateral surface is cut into, the level of the oil during
operation and during standstill being illustrated.

To that end, FIG. 8 also shows an oblique view in which
conducting channels 93 and a collection pocket 90 can be
seen, as well.

FIG. 9 shows the gear unit belonging to FIG. 7 in a top
view, thus, with a direction of view from above, that likewise
is shown cut into, the cut being into the upper side.

FIG. 10 shows a scraper element belonging to the oil-
delivery device.

FIG. 11 shows the scraper element in an oblique view.

FIG. 12 shows the scraper element in a top view.

FIG. 13 shows protection plates 132 against spraying oil.

FIG. 14 shows protection plates 132 separately, the plates
being joined to the gear housing.

FIG. 15 shows a housing cover 151 which is roof-like.

FIG. 16 shows a horizontal cross-section through the input
right-angle gear stage.

FIG. 17 shows a top view into a similar section.

FIG. 18 shows the view from a different viewing direction.

DETAILED DESCRIPTION

In the exemplary embodiment according to FIGS. 1
through 3, a fan impeller 2 is mounted in rotatably fixed
manner on the input shaft. Thus, the fan impeller is operated
with a suitably high rotational speed and generates a strong
airflow with its fan-impeller blades when the gear unit is
operated with the nominal speed. The higher the speed and the
torque, the greater the power loss, thus, the heat output to be
dissipated to the surroundings, as well.
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The cooling airflow generated by fan impeller 2 is guided
along a beveled housing area 8. It is produced either by
mounting suitably formed sheet-metal pieces and joining
them to housing part 1, or alternatively, by corresponding
shaping of housing part 1, which is feasible without special
additional effort particularly in the case of a right-angle gear
stage to be provided as input.

In addition, cooling fins 6 are provided on beveled housing
area 8, and cooling fins 3 and 9 are provided on housing part
1.

Ahousing cover 4 having cooling fins 5 is also provided on
the housing part for assembly and maintenance purposes.

In this manner, it is possible to take optimal advantage of
the cooling airflow.

Output shaft 7 is implemented on both sides, but in other
exemplary embodiments, is also feasible on one side.

In FIG. 4, an air-guide part additionally provided on the
gear unit, namely, an air-guide containment 42 is provided. In
so doing, a passage for the input shaft and output shaft 7 is
provided. In further contrast to FIGS. 1 through 3, output
shaft 7 is joined in rotatably fixed manner to a rotating flange
part 41.

Air-guide containment 42 reduces the drift of the cooling
airflow, and therefore leads to more efficient heat dissipation.
It also serves as protection against dust deposits on the gear
housing, and therefore protects the heat-transfer resistance
from the gear housing to the cooling airflow against deterio-
ration.

In addition, further parts or components to be cooled may
be disposed between the gear housing and the air-guide con-
tainment, such as power electronics or cooling devices for
cooling oil. The following figures describe exemplary vari-
ants for the latter.

In FIG. 5, attached to housing 1 of the gear unit is a plate
cooler 52, to which oil is fed from the gear interior via one or
more feed pipes 50, and is carried away via one or more
discharge pipes 51. Preferably, the plate cooler includes a
base plate having a groove recessed in a meander form, a
cover plate being mounted on the base plate. Thus, the oil
must flow through the plate cooler in meandering fashion.
Alternatively, straight bores may also be realized in a base
element and the oil conducted through the bores, deflection
pieces being provided between the end areas of the bores on
the base element.

On the rear side with respect to the side of the gear unit
having the plate cooler, thus the side not visible in FIG. 5, a
plate cooler 52 having the corresponding pipes may likewise
be provided, so that a doubling of the cooling capacity is
attainable.

Plate cooler 52 is omitted in FIG. 6. Feed pipes 60 and 61
are brought together and lead into discharge pipe 62. Thus,
the pipes are exposed directly to the cooling airflow, and
particularly if oil flows through them slowly, sufficient cool-
ing capacity may be attained, even without the expenditure of
a cooling plate.

FIG. 7 shows that level 70 of the oil during operation is
lowered compared to level 71 of the oil during standstill.
Therefore, upon start-up of the gear unit, good lubrication is
available immediately for all bearings, especially the bear-
ings of the input gear stage or bearings 72 of one or more of
the intermediate stages of the gear unit as well, since the oil
level is so high that the bearings and gearing parts are situated
sufficiently deep in the oil pan. Thus, good lubrication is
present, even when the gear unit is started after long standstill
times.

The input stage of the gear unit is realized as a right-angle
gear stage. To that end, provided on the input shaft is a bevel

10

25

35

40

45

50

55

65

10

pinion which meshes with a bevel wheel. Churning losses are
reduced by a shell 73 for the bevel wheel and a shell 74 for the
bevel pinion, which in each case are provided about the lower
half of these gearing wheels, for shells (73, 74) are formed in
such a way that at least in the area of shells (73, 74), the oil is
substantially kept on a circular path during rotational move-
ment of the gearing parts. Therefore, the inner area between
the respective shell and gearing part is thus freed of oil, or at
least the portion of oil is reduced substantially in this area.

Since shells (73, 74) basically surround only the lower half
of the gearing parts, oil is only sprayed upwards. Therefore,
during the flow-off impelled by gravity, the oil must cover
long distances along the inner surface of the housing and/or
along a delivery set-up, which means good heat dissipation
from the oil to the gear housing is attainable. At their lower
side, shells (73, 74) have at least one opening, so that oil from
the oil pan is able to flow back into the spatial area between
shell (73, 74) and the gearing part. However, the opening is so
small that the oil flow into the spatial area is at least five times
or at least ten times less than the oil flow which the gearing
part is able to convey out of the spatial area when the nominal
speed of the input shaft is reached during operation.

Shells (73, 74) are preferably in the shape of ahalftorus. As
FIG. 8 shows more clearly, with the aid of the oil-delivery
set-up described in greater detail below, during operation, oil
is conveyed into a higher-situated temporary storage 80, so
that the oil level drops. Because of this lowering of the oil
level during operation, it is possible to reduce the churning
losses. That is to say, the gearing parts engage only slightly
within the oil pan, in particular, the rapidly rotating gearing
parts, such as the gearing parts of the input gear stage and one
or more intermediate gear stages, dip less deeply or not at all
into the oil pan.

Temporary storage 80 has leakages or small openings oth-
erwise provided, so that the temporary storage is emptied
automatically. The openings are provided in such a way that
the intended lowering of the oil level takes place during
operation at nominal value, thus, the oil flow which streams
into temporary storage 80 is greater than the oil flow which
flows back from temporary storage 80 into the oil pan—at
least so long as the oil level in the temporary storage is below
a critical value.

Therefore, in operation, the temporary storage is thus filled
with the aid of the oil-delivery arrangement, and conse-
quently, with rising oil level in temporary storage 80, the oil
level in the gear unit is lowered, especially in the oil pan, so
that the power losses are reduced.

During operation, the bearings and gearings are lubricated
in a manner that the oil squeezed out of the engaging gearings
and/or sprayed is caught with the aid of baffle plates 92 and
drips off from them into oil-conducting channels 93 that fill
lateral collection pockets 90, from which at least a portion of
the oil caught is supplied to the bearings to be lubricated and
the gearing parts to be lubricated.

As FIG. 9 shows, to that end, collection pockets 90, situ-
ated on both sides in the gear unit, have drainage holes 91 for
the bearing lubrication. The drainage holes discharge into
bores in the housing, through which the oil is conducted to the
bearing to be lubricated or via conducting channels to the
respective gearing part to be lubricated.

Oil-conducting channels 93 are curved, so that a portion of
the caught oil is conducted into a first, and another portion is
conducted into the other collection pocket 90.

Lubrication of the gearing parts and the bearings of the
output shaft is not always necessary, since these gearing parts
rotate slowly and consequently produce only negligible
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churning losses. Therefore, dipping of these gearing parts and
bearings into the oil pan is not harmful.

Preferably, baftle plates 92 and oil-conducting channels 93
are attached to the upper side of the gear housing.

The drainage holes are positioned in collection pockets 90
and the collection pockets are implemented such that the oil
arriving first upon starting the gear unit is used to lubricate the
bearings or gearing parts. Only when the caught oil flow
exceeds this oil flow necessary for the lubrication is tempo-
rary storage 80 filled.

In a further exemplary embodiment, temporary storage 80
preferably has an adjustable overflow. To that end, an open-
ing, envisaged in the horizontal direction, may be provided in
a side wall of temporary storage 80 and may be covered by a
sheet-metal cover part disposed in a manner allowing it to
slide in the horizontal direction. The overflow level, and thus
also the maximum volume of temporary storage 80, is there-
fore adjustable by the sliding of the sheet-metal cover part.

FIG. 10 illustrates a further oil-delivery device that shows
a scraper 101 which scrapes off oil at an end face of a gear
wheel and pushes it into pipe 100, from which lateral collec-
tion pockets 90 are able to be filled, as well. The previously
described oil-delivery device, including oil-conducting chan-
nels 93, is additionally effective. In this manner, oil moving
along on the gear wheel and sprayed around by the gear wheel
is thus able to be caught and used to lubricate bearings or to
lower the oil level in operation.

Scraper 101 together with pipe 100 are shown separately in
FIG. 11. Here, it is more apparent that the scraper has a
V-shaped recess, at whose pointed end, a borehole is pro-
vided, into which pipe 100 leads.

FIG. 12 shows the placement of scraper 101 on gear wheel
120.

FIG. 13 shows another gear unit in which, in contrast to the
figures described above, instead of housing cover 4, a housing
cover 130 is provided that is roof-shaped. Therefore, oil drip-
ping off from the inner side of this roof-shaped housing cover
is able to be led away by oil-conducting channels 93 into
collection pockets 90. Thus, in this manner, it is not oil flung
in the horizontal direction as in the case of the baffle plate, but
rather oil flung in the vertical direction against the inner side
of roof-shaped housing part 130 that is able to be caught and
utilized.

FIG. 15 shows a housing cover 151 which is V-shaped, thus
roof-shaped, the tip of the V pointing upward. In this case, the
angle of the roof area, thus, the angle of the respective side of
the V with respect to the horizontal is greater than 10°. Pref-
erably, the angle is selected so that the drops sprayed onto the
inside of the roof-shaped housing cover move downward
laterally on the roof slope under the influence of gravity, in the
course of which, they are bound adhesively to the roof, and
then drip off into oil-conducting channels 93. The angle is
thus always selected so that the gravitational force is less than
the adhesive force for drops sticking adhesively to the surface.
Inthis context, the angle is also substantially a function of the
surface tension between oil and housing cover 151.

FIG. 13 also shows protection plate 131, which is used to
protect ball bearings from oil sprayed around or from oil foam
driven in the direction of ball bearings. Protection plate 131 is
sufficiently wide that even several ball bearings are protect-
able, especially the ball bearing of the input shaft, of an
intermediate shaft and/or of output shaft 7. Protection plate
131 is secured to the inner side of the housing, and is imple-
mented with openings so large that the rotationally mounted
parts belonging correspondingly to the respective ball bear-
ings no contact with protection plate 131.
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In FIG. 13, a distance sleeve is mounted between the gear
wheel and the associated ball bearing on the shaft to maintain
a defined distance between the ball bearing and gear wheel.
Thus, the distance sleeve is provided in an opening in protec-
tion plate 131.

Protection plate 131 has an overflow 132, so that oil from
the oil pan arrives in the area of the protected ball bearings
when the oil level of the oil pan is higher than the overflow,
thus, especially the overflow edge.

Protection plate 131 is welded or screw-fitted to the inner
side of the housing, so that the ball bearings are in oil. Espe-
cially also in operation, thus, when the oil level in the oil pan
falls, there is still a minimum oil level around the ball bearing.
In this case, it is also further advantageous that the oil sup-
plied to the gearing parts with the aid of the delivery device
accumulates in the spatial area around the ball bearing, which
is at least partially bounded by protection plate 131; a flow-off
of'the oil is also provided when the minimum oil level around
the ball bearing exceeds overflow 132.

The implementation having protection plate 131 is shown
in greater detail in FIG. 14. A lower and an upper protection
plate 131 are used, the housing of the gear unit likewise being
split into a lower and an upper housing part. Lower protection
plate 131 is secured, especially screw-fitted, to the lower
housing part, and upper protection plate 131 to the upper
housing part, as shown in FIG. 14, or welded on, as in an
alternative exemplary embodiment.

In an alternative exemplary embodiment, instead of pro-
tection plate 131, a ring inserted in a groove is provided,
which therefore defines an overflow with the aid of the lowest
encompassed point. The ring, then, is not able to represent a
substantial splash protection, but is able to provide the func-
tion of the overflow.

In a further exemplary embodiment, an aforementioned
protection plate is used in the case of a first bearing, and the
aforementioned ring is used in the case of another bearing.

In the exemplary embodiment according to FIGS. 16, 17
and 18, the input right-angle gear stage is shown in greater
detail. It is implemented as a bevel-gear stage.

A cup-shaped housing part 165 is screw-fitted to gear hous-
ing 160 at the axial end, to which, in turn, a flange part 167 is
screw-fitted, that accommodates a shaft sealing ring 168
which seals off the gear interior from the outer surroundings.

In cup-shaped housing part 165, two tapered roller bear-
ings 166, preloaded relative to each other, are provided in
X-configuration, whose axial distancing from each other cre-
ates an interspace area 169. This interspace area 169 is thus
bounded by the two tapered roller bearings 166 and cup-
shaped housing part 165.

When the gear unit is not in operation, and therefore at high
oil level, interspace area 169 is at least partially filled with oil,
since it flows into it from the interior of the gear unit. During
operation, the oil level of the oil pan in the gear unit is
lowered. Interspace area 169 is emptied via a radial bore 170
which leads into interspace area 169 and which is closed at its
outer radial end by a stopper 171. An axial bore 173 leads
from radial bore 170 back into the interior of the gear unit.
The positioning of the bores, especially the height provided
relative to the oil pan, makes it possible to maintain a defined
minimum oil level in interspace area 169. The emptying of
interspace area 169, except for this minimum oil level, leads
to a decrease in losses, since the bearings are then less sur-
rounded by the oil.

A further interspace area 172 between tapered-roller bear-
ing 166, situated axially further inside, and self-aligning
roller bearing 162, via which the input shaft is supported in
cup-shaped housing part 165, is emptied in analogous man-
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ner. For that purpose, radial bore 164 is provided, which
opens through into an axially inwardly leading gap 163 that is
situated between housing 160 of the gear unit and cup-shaped
housing part 165, and widens axially further inwardly into a
gap 161.

At its end area situated axially inside, the input shaft bears
the bevel pinion, which meshes with a bevel wheel that is
supported by bearings provided in housing 160 of the gear
unit.

What is claimed is:

1. A gear unit, comprising:

an input shaft;

a bearing adapted to support the input shaft provided in a

housing part of the gear unit; and

a fan impeller provided on the input shaft;

wherein at least one of (a) the housing part is beveled at

least in a surface area adjacent to the fan impeller, the
surface area being an exterior surface of the housing part
that forms an exterior shape of the housing part exposed
to an external environment of the housing part and (b) a
beveled cowl is mounted on the housing part;

wherein an air-guide containment is provided around the

gear unit and surrounds the housing part by enveloping
more than one side of the housing part; and

wherein cooling fins are provided on at least one of (a) the

beveled area of the housing part and (b) the cowl, the
cooling fins directly projecting from a planar region of
one of the exterior surface of the beveled area and the
cowl at a non-zero angle with respect to a normal to a
longitudinal axis of the input shaft.

2. The gear unit according to claim 1, wherein the beveled
area of the housing part and/or the beveled cowl is arranged
such that the housing part of the gear unit, with decreasing
distance in an axial direction toward the fan impeller, has a
cross-sectional area decreasing correspondingly, a normal of
the cross-sectional area being selected in the axial direction.

3. The gear unit according to claim 1, wherein cooling fins
are provided on the housing part of the gear unit.

4. The gear unit according to claim 1, wherein a housing
cover which is tightly connectable to an area of the housing
part and which has cooling fins on an outer side provided on
the housing part of the gear unit.

5. The gear unit according to claim 3, wherein the cooling
fins are aligned corresponding to a direction of a cooling
airflow and are aligned in parallel relative to each other.

6. The gear unit according to claim 1, wherein an input gear
stage is arranged as a right-angle gear stage.

7. The gear unitaccording to claim 1, wherein the air-guide
containment is adapted to conduct a cooling airflow and,
together with cooling fins and the housing part of the gear
unit, to restrict, so that the cooling airflow absorbs heat output
of the gear unit, the cooling airflow, starting from the fan
impeller, being spread in conformance with the beveling and
then blowing past along the housing part of the gear unit.

8. The gear unitaccording to claim 1, wherein the air-guide
containment has passages for the input shaft and an output
shaft, as well as for a floor mounting of the gear unit, the
air-guide containment moreover having an opening for a sen-
sor.

9. The gear unit according to claim 1, wherein a first pipe is
adapted to conduct oil out of a gear-unit interior into an area
of'a cooling airflow, and a second pipe is adapted to return the
oil to the gear-unit interior, the first and second pipes being
arranged at least partially in the cooling airflow generated by
the fan impeller.
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10. The gear unit according to claim 9, wherein a part of the
first pipe brought out of the interior of the gear unit is situated
between the gear housing and the air-guide containment.

11. The gear unit according to claim 9, wherein the oil
conveyed by the first pipe adapted to conduct oil out is fed to
a plate cooler situated on the housing of the gear unit, in the
cooling airflow, the second pipe adapted to return the oil
conveying oil from the plate cooler back into the interior of
the gear unit.

12. The gear unit according to claim 1, wherein an oil level
of'an oil pan of the gear unit is lower during operation than an
oil level during long-term standstill of the gear unit, the gear
unit including a temporary storage device adapted to lower
the operational oil level.

13. The gear unit according to claim 1, wherein a tempo-
rary storage is provided to which oil is feedable from an oil
pan of the gear unit, with the aid of a delivery device, the
temporary storage being disposed in an interior of the gear
unit, and being surrounded by the housing part of the gear
unit.

14. The gear unit according to claim 13, wherein the tem-
porary storage is arranged as a receptacle having openings of
a kind that it is able to be emptied through these openings.

15. The gear unit according to claim 13, wherein the tem-
porary storage is in the form of a receptacle that has openings
and a delivery device is arranged such that a maximum oil
flow delivered by the delivery device, during operation of the
gear unit with a nominal speed of the gear unit, is greater than
an oil flow returned from the temporary storage to the oil pan,
effected through the openings.

16. The gear unit according to claim 13, wherein the tem-
porary storage has a height-adjustable overflow, via which
excess oil is drainable into the oil pan.

17. The gear unit according to claim 15, wherein the deliv-
ery device has a baffle plate adapted to catch oil, oil dripping
off from the baffle plate being feedable via at least one of (a)
a drainage channel and (b) a collection channel to the tempo-
rary storage.

18. The gear unit according to claim 17, wherein at least
one of (a) the drainage channel and (b) the collection channel
has an opening into which a pipe opens through, from which
at least one of (a) a ball bearing and (b) a gearing is lubricat-
able.

19. The gear unit according to claim 17, wherein the drain-
age channel is curved, so that a first portion of oil dripped off
from the baffle plate and caught by the drainage channel flows
into a first collection channel, and a second portion of oil
dripped off from the baffle plate and caught by the drainage
channel flows into a second collection channel, the temporary
storage being fillable from the collection channels, and the
collection channels being disposed axially to a side of a gear
wheel of the gear unit.

20. The gear unit according to claim 1, wherein at least one
partial area of a gearing part of the gear unit is surrounded by
a shell, so that oil is only allowed to spray upward, the shell
having an opening at a lower side to permit the shell to be
filled from an oil pan, when the gear unit is not in operation.

21. The gear unit according to claim 15, wherein the deliv-
ery device includes an oil scraper adapted to scrape off oil
from an end face of a rotating gear wheel, and adapted to
deliver scraped-off oil through a pipe to at least one of (a) the
temporary storage and (b) a collection channel, the pipe being
directed upwardly, the gear wheel being disposed so that it is
at least partially submerged in the oil pan, and the oil scraper
being situated above the oil pan.

22. The gear unit according to claim 21, wherein the pipe
includes bores in the gear housing.



US 9,062,754 B2

15

23. The gear unit according to claim 1, wherein a delivery
device is adapted to convey oil from an interior of the gear unit
through a pipe which is attached to an outside of the gear unit,
the pipe adapted to return the oil to the interior of the gear unit.

24. The gear unit according to claim 23, wherein the pipe
on the outside of the gear unit has a gradient, the oil from at
least one of (a) a collection device, (b) a temporary storage,
and (c) a collection channel disposed in the interior of the gear
unit flowing outward through the pipe, and from there back
again into an oil pan, the collection device being situated
above the oil pan.

25. The gear unit according to claim 23, wherein the pipe
provided on the outside is adapted to route oil to a plate cooler,
and another part of the pipe is adapted to return oil from the
plate cooler to the oil pan in the interior of the gear unit.

26. The gear unit according to claim 25, wherein the plate
cooler is attached to the outside of the gear unit and is
arranged in a cooling airflow.

27. The gear unit according to claim 21, wherein the oil
scraper includes at least one of (a) an opening, (b) an inside
space, and (c) a cavity, tapering in a moving direction of oil to
be scraped from the end face of the rotationally mounted gear
wheel, at whose end area the pipe is provided, into which the
scraped-off oil is pushed.

28. The gear unit according to claim 21, wherein the pipe
disposed on the oil scraper extends upwardly.

29. The gear unit according to claim 21, wherein an upper
end of the pipe disposed on the oil scraper is connected one of
(a) directly and (b) indirectly to a pipe adapted to bring the oil
at least one of (i) out of the interior and (ii) connected to a
temporary storage.

30. The gear unit according to claim 1, wherein a spatial
area of the shaft bearing disposed in an opening of the gear
housing is bounded at least partially with respect to an interior
of'the gear unit by a delimiting device that has an opening for
the shaft supported in the bearing, a lowest point of the open-
ing resulting in a minimum oil level in the spatial area of the
bearing.

31. The gear unit according to claim 30, wherein the spatial
area is bounded at least partially by the gear housing.

32. The gear unit according to claim 30, wherein the delim-
iting device includes at least one of (a) a protection plate and
(b) a ring.

33. The gear unit according to claim 32, wherein the pro-
tection plate is at least one of (a) welded and (b) screw-
connected to the housing.

34. The gear unit according to claim 32, wherein the ring is
provided in a groove, extending around the housing of the
gear unit.

35. The gear unit according to claim 1, wherein an opening
encircles the input shaft as closely as possible, with a clear-
ance of at least one of (a) less than 3 mm and (b) less than 1
mm.

36. The gear unit according to claim 32, wherein the pro-
tection plate is flat, and covers an area of an opening for a
bearing.

37. The gear unit according to claim 1, wherein the housing
of the gear unit includes a lower housing part and an upper
housing part, a protection plate which substantially surrounds
a lower half of the shaft being attached to the lower housing
part, a further protection plate which substantially surrounds
an upper half of the shaft being attached to the upper housing
part.

38. The gear unit according to claim 1, wherein two bear-
ings of the input shaft of the gear unit are provided in a

10

15

20

25

30

35

40

45

50

55

60

16

substantially cup-shaped housing part, the housing part being
screw-connected to the housing part of the gear unit.

39. The gear unit according to claim 1, wherein a first
bearing is arranged as a bearing pair, a first interspace being
formed in an axial direction between the paired individual
bearings.

40. The gear unit according to claim 39, wherein a second
bearing in an axial direction is set apart axially from the first
bearing, so that a second interspace is formed.

41. The gear unit according to claim 1, wherein a first
bearing of the input shaft is a pair of tapered-roller bearings,
in an X-configuration, preloaded relative to each other, and a
second bearing is a self-aligning roller bearing.

42. The gear unit according to claim 40, wherein at least
one of (a) the first interspace and (b) the second interspace is
connected by at least one bore to an interior of the gear unit,
for the purpose of emptying.

43. The gear unit according to claim 40, wherein at least
one of (a) the first interspace and (b) the second interspace is
connected by a gap to an interior of the gear unit, for the
purpose of emptying, the gap being formed between a sub-
stantially cup-shaped housing part and the housing part of the
gear unit.

44. The gear unit according to claim 42, wherein at least
one bore is arranged as a radial bore.

45. The gear unit according to claim 42, wherein at least
one bore is arranged as an axially directed bore.

46. The gear unit according to claim 44, wherein the radial
bore is plugged at an outer end by a stopper.

47. The gear unit according to claim 1, wherein an input
shaft is sealed off by a shaft sealing ring from a substantially
cup-shaped housing part.

48. The gear unit according to claim 42, wherein a level of
aplacement of the bore adapted to empty an interspace deter-
mines a minimum oil level for bearings of the input shaft.

49. A gear unit, comprising:

an input shaft;

a bearing adapted to support the input shaft provided in a

housing part of the gear unit; and

a fan impeller provided on the input shaft;

wherein at least one of (a) the housing part is beveled at

least in a surface area adjacent to the fan impeller, the
surface area being an exterior surface of the housing part
that forms an exterior shape of the housing part exposed
to an external environment of the housing part, and (b) a
beveled cowl is mounted on the housing part;

wherein the beveled area of the housing part and/or the

beveled cowl is arranged such that the housing part of the
gear unit, with decreasing distance in an axial direction
toward the fan impeller, has a cross-sectional area
decreasing correspondingly, a normal of the cross-sec-
tional area being selected in the axial direction;

wherein first cooling fins are provided on at least one of (a)

the beveled area of the housing part and (b) the cowl, the
first cooling fins protecting directly from a planar region
of one of the exterior surface of the beveled area and the
cowl at a non-zero angle with respect to a normal to a
longitudinal axis of the input shaft;

wherein second cooling fins are provided on the housing

part of the gear unit; and

wherein a housing cover includes third cooling fins on an

outer side provided on the housing part of the gear unit
and connected to the at least one of (a) the beveled area
of the housing part and (b) the cowl.
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